Trifluoromethyl group substituted pyrazole derivatives were prepared from hydrazines and 1-aryl-3,4,4,4-tetrafluoro-2-buten-1-ones obtained by the deoxyfluorination of β-diketones. The reaction proceeded regioselectively and 5-aryl-3-trifluoromethyl-1-phenyl-1H-pyrazole was obtained from phenylhydrazine. On the other hand, when methylhydrazine was used, 3-aryl-5-trifluoromethyl-1-methyl-1H-pyrazole was selectively formed.
INTRODUCTION
Pyrazoles with a trifluoromethyl substituent are of considerable interest because they are present in pharmacologically and agrochemically important compounds. 1 A pyrazole ring was generally prepared from β-diketones with hydrazines. 2 However, when unsymmetrical β-diketones such as 1-aryl-4,4,4-trifluoro-1,3-butanones were used, a mixture of regioisomers were formed and it was difficult to obtain the desired regioisomer selectively. 3 Recently, we reported the regioselective synthesis of 1-aryl-3,4,4,4-tetrafluoro-2-buten-1-ones (1) by the deoxyfluorination reaction of 1-aryl -4,4,4-trifluoro-1,3-butanones with N,N-diethyl-α,α-difluoro-(m-methylbenzylamine) (DFMBA). 4 In this paper, we report the regioselective synthesis of a trifluoromethyl group substituted pyrazole derivative (2 or 3) by the reaction of 1-aryl-3,4,4,4-tetrafluoro-2-buten-1-ones (1) with mono-substituted hydrazines (Scheme 1). 5 Dedicated to Professor Akira Suzuki on the occasion of his 80 th birthday. 
RESULTS AND DISCUSSION
The reaction of 3,4,4,4-tetrafluoro-1-phenyl-2-buten-1-one (1a) with phenylhydrazine was performed in ether under reflux for 24 h and 3-trifluoromethyl-1,5-diphenyl-1H-pyrazole (2a) was obtained in 88% yield (Entry 1 in Table 1 This high selectivity can be explained by the difference between the reactivity of phenylhydrazine and that of methylhydrazine. In phenylhydrazine, -NH 2 is more nucleophilic than -NHPh due to the electron-withdrawing effect of the Ph group 6c and -NH 2 attacks the C3 carbon of 1 to yield the intermediate 4. 7 The subsequent addition of -NHPh to the carbonyl group yields a cyclic imminium salt 5
that changes to the pyrazole 2. On the other hand, in the reaction with methylhydrazine, -NHMe is more reactive than -NH 2 due to the electron-donating effect of the methyl group and -NHMe attacks the C3 carbon of 1 to yield an intermediate 6. 6c The subsequent cyclization proceeds by the attack of -NH 2 on the carbonyl group to give the pyrazole 3, selectively. As the formation of 4 or 6 by the 1,4-addition reaction of the hydrazines to 1 is irreversible, the regioselectivity of the reaction is determined at the initial step, attack of nitrogen to C3, and largely influenced by the nucleophilicity of the nitrogen on the hydrazines. On the other hand, in the reaction with β-diketones, the initial addition of the nitrogen to the carbonyl group is reversible and the regioselectivity is determined at the dehydration step. 2,3,6c Therefore, the regioselectivity in the reaction with β-diketones is not so influenced by the nucleophilicity of the nitrogen on the hydrazines as in the reaction with 1 and a similar selectivity was not observed (Scheme 2) .
For the synthesis of 3-trifluoromethyl-5-methyl-1-phenyl-1H-pyrazole (2e), a volatile 4,5,5,5-tetrafluoro-3-penten-2-one (1e) is required. Therefore, we synthesized 2e from β-diketone without isolating 1e. The reaction of 1,1,1-trifluoropentane-2,4-dione with DFMBA was carried out at room temperature for 24 h. From the 19 F NMR analysis of the crude mixture, deoxyfluorination was found to occur at the C2 position selectively and 4,5,5,5-tetrafluoro-3-penten-2-one (1e) was formed in 70% yield.
Crude 1e was used for the reaction with phenylhydrazine, and 2e was selectively formed in 54% yield from the diketone (Scheme 3). ones 1a, 1b, 1c, and 1d were prepared from the corresponding diketones by the reported method. 4 DFMBA was donated from Mitubishi Gas Chemical Company Inc.
Preparation of 1-Aryl-3,4,4,4-tetrafluoro-2-buten-1-one 4 (1)
A mixture of 1-aryl-4,4,4-trifluorobutane-1,3-dione (1 mmol), DFMBA (426 mg, 2 mmol), and CH 2 Cl 2 (1 mL) in a reaction vessel made of Teflon  FEP with a tight screw cap was stirred at 20 °C for 24 h. The mixture was poured into water, neutralized with sat. aq. NaHCO 3 , and extracted with Et 2 O (20 mL x 3).
The combined organic layer was dried over MgSO 4 and concentrated under reduced pressure. Purification by column chromatography (silica gel/hexane-Et 2 O) gave 1.
Preparation of 5-Aryl-3-trifluoromethyl-1-phenyl-1H-pyrazole (2)
To 1 (0.48 mmol) in Et 2 O (8 mL) was added at rt phenylhydrazine (64 mg, 0.59 mmol) and the mixture was stirred under reflux for 24 h. Solid material was removed by filtration and the filtrate was concentrated under reduced pressure. Purification by column chromatography (silica gel/hexane-Et 2 O) gave 2.
Preparation of 3-aryl-5-trifluoromethyl-1-methyl-1H-pyrazole (3)
To 1 (0.48 mmol) in Et 2 O (8 mL) was added at rt methylhydrazine (50 mg, 1.08 mmol) and the mixture was stirred under reflux for 12 h. Solid material was removed by filtration and the filtrate was concentrated under reduced pressure. Purification by column chromatography (silica gel/hexane-Et 2 O) gave 3.
3-Trifluoromethyl-1,5-diphenyl-1H-pyrazole (2a)
a pale yellow solid; mp 87-88 °C (lit., 10 1, 127.7, 127.0, 126.7, 126.4, 125.7, 125.3 (2C) 8, 138.7, 129.5, 129.2, 129.2 (2C), 128.0, 127.5, 127.4, 126.3 (2C) , 121.1 (q, J = 269.0 Hz), 105.2 (q, J = 1.9 Hz). 19 F NMR δ -62.94 (s, 3F)
5-Trifluoromethyl-1-methyl-3-phenyl-1H-pyrazole (3a)

3-Trifluoromethyl-5-methyl-1-phenyl-1H-pyrazole (2e)
A mixture of 1,1,1-trifluoropentane-2,4-dione (74 mg, 0.48 mmol), DFMBA (212 mg, 1 mmol) and 
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